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©  ROM  with  redundant  ROM  cells  employing  a  highly  resistive  polysilicon  film  for  programming  the  cells. 

The  present  invention  comprises  a  unique  FET  with 
resistor  (5)  in  its  drain  lead  of  undoped  polysilicon  which 
may  be  characterized  by  high  resistance  in  the  absence  of  the 
application  of  a  biasing  voltage  across  the  FET  and  the 
resistor  when  the  FET  is  conducting,  which  biasing  voltage 
irreversibly  changes  the  resistor  to  a  high  state  of  conductiv- 
ity  thereby  selectively  providing  the  two  logic  states.  This 
device  may  comprise  a  redundant  cell  for  a  ROM  memory. 



Field  of  the  I n v e n t i o n  

The  sub jec t   i n v e n t i o n   r e l a t e s   to  a  new  redundant   cell  for  ROM 

use  and  method  of  manufac ture   compat ib le   to  manufac ture   of  the  ROM 

through  VLSI  p r o c e s s i n g .  

Background  of  the  I n v e n t i o n  

While  the  s u b j e c t   i n v e n t i o n   provides   a  new  product   and  p r o c e s s ,  

a  r e l a t e d   process  is  set   fo r th   in  U.  S.  Pa ten t   4,231,051  issued  t o  

the  same  inven to r s   on  October  28,  1980.  This  is  the  c l o s e s t   known 

p r io r   ar t   and  while  i t   t eaches   employing  a  f i r s t   and  second  l a y e r  

of  p o l y s i l i c o n   in  p r o c e s s i n g ,   i t   does  not  teach  the  p rov i s ion   o f  

a  redundant   ROM  cell  compr is ing   a  FET  and  drain  connected  s e r i e s  

r e s i s t o r   nor  a  process   for  f a b r i c a t i n g   the  same,  wherein  the  r e s i s t o r  

is  manufactured  from  the  second  undoped  p o l y s i l i c o n   layer   and  t h e  

cell   is  programmable  by  i r r e v e r s i b l y   changing  the  r e s i s t o r   from  a 

high  r e s i s t a n c e   value  to  a  highly  conduc t ive   value  through  t h e  

a p p l i c a t i o n   of  a  b i a s ing   vo l t age   when  the  a s s o c i a t e d   FET  is  con-  

d u c t i v e .  

Summary  of  the  I n v e n t i o n  

The  inven t ion   comprises   a  redundant   cel l   for  a  high  dens i ty   ROM 

inc lud ing   a  s u b s t r a t e ,   a  gate  with  c o n t a c t ,   a  source  with  c o n t a c t ,   a 

drain  and  r e s i s t o r   region  compris ing  a  p o l y s i l i c o n   layer   a d j a c e n t  

a  drain  doped  region  of  the  s u b s t r a t e ,   and  undoped  p o l y s i l i c o n   l a y e r  

compris ing  a  r e s i s t o r   over  the  drain  p o l y s i l i c o n   layer   and  a  c o n t a c t  

over  the  undoped  p o l y s i l i c o n   layer   for  the  drain  and  r e s i s t o r .   The 

r e s i s t o r   undoped  p o l y s i l i c o n   layer   is  c h a r a c t e r i z e d   by  high  r e s i s t a n c e  



unt i l   a  b i a s i n g   vo l tage   is  appl ied   across  the  t r a n s i s t o r   and 

r e s i s t o r   combinat ion   with  the  t r a n s i s t o r   conduct ing   which  i r r e v e r -   , 
s ib ly   changes  the  c h a r a c t e r i z a t i o n   of  the  r e s i s t o r   to  high  con-  

d u c t i v i t y   the reby   p rov id ing   a  t w o - s t a t e   device  useful   for  l o g i c  

programming.  The  i nven t ion   f u r t h e r   comprises  a  unique  process   f o r  

f a b r i c a t i n g   the  redundant   ROM  c e l l .  

Br ief   D e s c r i p t i o n   of  the  Drawings 

F igures   1,  3 ,  4 ,  6 ,  7 ,  9 - 1 1   and  13  are  c r o s s - s e c t i o n a l   d rawings  

i l l u s t r a t i n g   s u c c e s s i v e   s tages   in  the  p rocess ing   of  a  s e m i c o n d u c t o r  

wafer  in  accordance   with  the  i n v e n t i o n .  

F igures   2,  5,  8  and  12  are  plan  views  i l l u s t r a t i n g   d i f f e r e n t  

masks  u t i l i z e d   during  the  process   of  forming  devices   in  a c c o r d a n c e  

with  the  i n v e n t i o n   and  the  r e l a t i v e   a l ignment   of  d i f f e r e n t   masks  w i t h  

r e s p e c t   to  the  under ly ing   w a f e r .  

Figure  1  is  a  c r o s s - s e c t i o n a l   view  through  a  s e m i c o n d u c t o r  

wafer  having  a  thermal  oxide  l ayer   on  i t s   s u r f a c e .  

Figure  2  is  a  plan  view  i l l u s t r a t i n g   a  po r t ion   of  a  p o l y -  

c r y s t a l l i n e   s i l i c o n   to  m o n o c r y s t a l l i n e   s i l i c o n   c o n t a c t   mask.  

Figure   3  is  a  c r o s s - s e c t i o n a l   view  taken  along  l ine   3  -  3  

in  Figure   2,  i l l u s t r a t i n g   the  wafer  c r o s s - s e c t i o n a l   s t r u c t u r e  

fo l lowing   the  removal  of  the  unp ro t ec t ed   oxide  in  accordance   w i t h  

the  masking  p a t t e r n   of  the  mask  of  Figure  2. 

Figure  4  is  a  c r o s s - s e c t i o n a l   view  as  in  Figure  3,  i l l u s t r a t i n g  

the  wafer  c r o s s - s e c t i o n a l   s t r u c t u r a l ,   a f t e r   the  d e p o s i t i o n   of  a 

p o l y s i l i c o n   layer   and  the  s u c c e s s i v e   d e p o s i t i o n   of  a  s i l i c o n   n i t r i d e  

l a y e r .  

Figure  5  is  a  plan  view  i l l u s t r a t i n g   an  i s o l a t i o n   mask  u t i l i z e d  

for  d e f i n i n g   areas  where  an  i s o l a t i n g   f i e l d   ixode  will   be  fo rmed .  



Figure  6  is  a  c r o s s - s e c t i o n a l   view  through  the  waver  t a k e n  

along  l ine  6 -  6  in  Figure  5,  a f t e r   removal  of  var ious   l ayers   from 

the  areas  which  are  not  p ro t ec t ed   by  the  p h o t o r e s i s t   exposed  t h r o u g h  

the  i s o l a t i o n   mask  of  Figure  5. 

Figure  7  is  a  c r o s s - s e c t i o n a l   view  as  in  Figure  6,  i l l u s t r a t i n g  

the  wafer  fo l lowing   the  growth  of  the  f i e l d   o x i d e .  

Figure  8  is  a  plan  view  i l l u s t r a t i n g   a  gate  c o n t a c t   mask.  

Figure  9  is  a  c r o s s - s e c t i o n a l   view  taken  along  l ine   9  -  9  

in  Figure  8,  showing  the  wafer  c r o s s - s e c t i o n a l   s t r u c t u r e   f o l l o w i n g  

the  d e f i n i t i o n   of  the  p h o t o r e s i s t   layer   in  accordance  with  the  g a t e  
con t ac t   mask  of  Figure  8. 

Figure  10  is  a  c r o s s - s e c t i o n a l   view  as  in  Figure  9,  i l l u s t r a t i n g  

the  wafer  f o l lowing   the  removal  of  s e l e c t e d   m a t e r i a l s   which  are  n o t  

p r o t e c t e d   by  the  po r t i ons   of  the  p h o t o r e s i s t   l ayer   of  Figure  9  d e f i n e d  

by  the  mask  of  Figure  8,  producing  t roughs   ex tending   to  and  expos ing  

the  su r f ace   of  the  s i l i c o n   wafer  and  d e l i n e a t i n g   the  ga te ,   s o u r c e  

and  dra in   p o l y s i l i c o n - t o - s i l i c o n   con tac t   r e g i o n s .  

Figure  11  is  a  c r o s s - s e c t i o n a l   view  as  in  Figure  10,  i l l u s t r a t i n g  

the  wafer  c r o s s - s e c t i o n a l   s t r u c t u r e   fo l lowing   the  growth  of  a  c r o s s -  

over  oxide  in  the  t roughs  of  Figure  10. 

Figure  12  is  a  plan  view  i l l u s t r a t i n g   a  m e t a l i z a t i o n   mask  f o r  

de f i n ing   the  m e t a l i z a t i o n   pa t t e rn   of  the  w a f e r .  

Figure  13  is  a  c r o s s - s e c t i o n a l   view  along  l ine   13 -   13  i n  

Figure  12,  i l l u s t r a t i n g   the  wafer  fo l lowing  d e l i n e a t i o n   of  t h e  

m e t a l i z a t i o n   in  accordance  with  the  masking  produced  by  the  mask  o f  

Figure  12.  

Figure  14  is  an  e l e c t r i c a l   symbol  p o r t r a y a l   of  the  r e d u n d a n t  

cell  of  the  s u b j e c t   i n v e n t i o n .  

Figure  15  is  an  enlarged  cross  sec t ion   through  a  f a b r i c a t e d  

redundant   c e l l ;   and ,  



Figure  16  is  a  schematic   showing  the  manner  of  r e p l a c i n g   a 

ROM  cel l   by  a  redundant   c e l l .  

D e s c r i p t i o n   of  the  P r e f e r r e d   Embodiment 

The  f ina l   ROM  redundant   c e l l ,   developed  by  process   s teps  o f  

FIGs  1-13  is  dep ic t ed   in  FIGs  14  and  15,  and  an  a p p l i c a t i o n   t h e r e o f  

in  FIG.  16.  A  d e s c r i p t i o n   of  these  f i g u r e s   i n i t i a l l y   may  be  h e l p f u l  

in  u n d e r s t a n d i n g   the  more  involved  p roces s ing   s t e p s .  

In  FIG.  14,  the  VLSI  f a b r i c a t e d   t r a n s i s t o r   is  shown  as  FET  1 

and  the  coding  r e s i s t o r   2  is  an  e l e c t r i c a l   connec t ion   with  i t s  

drain  by  v i r t u e   of  phys ica l   con tac t   of  drain  doped  p o l y s i l i c o n   l a y e r  

4  and  r e s i s t o r   undoped  p o l y s i l i c o n   l ayer   5  (FIG.  15).  P roces s ing   o f  

s u b s t r a t e   6  is  o therwise   c a r r i e d   out  in  accordance  with  t h e  

p r e f e r r e d   process   of  U.  S.  Pa ten t   4 , 231 ,051 ,   i ssued  to  the  same 
i n v e n t o r s   on  October  28,  1980.  Source  7  comprises  doped  region  8 

o v e r l a i d   by  doped  p o l y s i l i c o n   9  and  metal  c o n t a c t   10.  C r o s s o v e r  

oxide  11  sur rounds   gate  region  12  compris ing  p o l y s i l i c o n   layer   13 

and  c o n t a c t   14.  Also,  drain  region  15  inc ludes   c o n t a c t   16  o v e r  

undoped  p o l y s i l i c o n   5.  The  c r i t i c a l   vo l tage   for  changing  t h e  

c o n d u c t i v i t y   c h a r a c t e r i s t i c s   of  r e s i s t o r   5  is  V  which  is  a 

f u n c t i o n   of  the  p o l y s i l i c o n   t h i c k n e s s ,   t empera tu re   of  d e p o s i t i o n  

and  doping  c o n c e n t r a t i o n .   By  p rope r ly   s e l e c t i n g   these  terms,   V  
becomes  +10  to  15  v o l t s ,   (wi th in   the  NMOS  range  of  c o n v e n t i o n a l  

v o l t a g e s ) .  

In  o p e r a t i o n ,   with  gate  1  (FIG.  14)  turned  on  by  g a t i n g  

p o t e n t i a l   appl ied   at  G,  a  VD  vo l tage   of  +10  to  15  vo l t s   w i l l  

i r r e v e r s i b l y   change  the  normal  high  p o l y s i l i c o n   r e s i s t a n c e   to  a 

very  low  value  for  high  c o n d u c t i v i t y .   The  high  r e s i s t i v i t y   s t a t e  

may  comprise  a  d i g i t a l   0  logic  s to rage   and  the  high  c o n d u c t i v i t y  

s t a t e   may  comprise  a  d i g i t a l   1.  Thus,  e l e c t r i c a l   programming  i s  

a v a i l a b l e   and  i t s   implementa t ion   does  not  r equ i r e   ex t ra   r e a l  

e s t a t e   because  the  undoped  p o l y s i l i c o n   layer   5  simply  is  formed 



over  drain  conductor   4.  Also,  redundant   ce l l s   are  not  used  u n t i l  

needed,  so  less   ce l l s   are  r equ i red   as  they  may  be  f i e l d   programmed 

to  e i t h e r   logic   s t a t e   to  r ep lace   a  bad  c e l l .  

FIG.  16  i l l u s t r a t e s   a  schematic   for  i n t r o d u c i n g   r e d u n d a n t  

c e l l s ,   such  as  17,  into  memory  array  18  to  r ep l ace   bad  c e l l s .  

Redundant  array  19  inc ludes   many  c e l l s ,   such  as  17,  which  may  be 

e l e c t r i c a l l y   programmed  as  needed  and  annexed  into  the  main  ROM. 

Address  Programming  Logic  20  changes  the  bad  cell   address   to  t h a t  

of  a  r ep lacement   programmed  redundant   cell  in  Array  19 ,  

A  p r e f e r r e d   process   for  producing  e l e c t r i c a l l y   programmable  

c e l l s   is  set  fo r th   in  FIGs  1 -  13,  as  f o l l o w s .  

The  t echn ique   which  is  the  broad  sub j ec t   of  t h i s   i nven t ion   i s  

widely  a p p l i c a b l e   in  the  f i e l d   of  semiconductor   f a b r i c a t i o n .   Many 

v a r i a t i o n s   of  the  t e chn ique   are  pos s ib l e   in  accordance   with  t h e  

i n d i v i d u a l   o b j e c t i v e s   of  var ious   f a b r i c a t i o n   p r o c e s s e s .   However, 

the  basic  concept   of  the  process   is  best  i l l u s t r a t e d   by  a  s p e c i f i c  

example  of  the  f a b r i c a t i o n   of  a  s p e c i f i c   device .   Consequen t ly ,   t h e  

fo l lowing   d e t a i l e d   d e s c r i p t i o n   will  desc r ibe   the  f a b r i c a t i o n   of  an  N 

channel  f i e l d   e f f e c t   t r a n s i s t o r   having  a  p o l y s i l i c o n   r e s i s t o r   in  

s e r i e s   t h e r e w i t h   to  comprise  a  redundant   cell  in  a  ROM  in  i n t e g r a t e d  

c i r c u i t .   However,  it  will  be  r e a d i l y   unders tood  tha t   t h i s   process  i s  

equa l ly   a p p l i c a b l e   to  the  format ion  of  P  channel  t r a n s i s t o r   c e l l s .  

We  now  turn  to  the  d e t a i l e d   d e s c r i p t i o n   of  the  p r e f e r r e d  

embodiment  of  the  i n v e n t i o n   and  in  p a r t i c u l a r   to  Figure  1  which 

i l l u s t r a t e s   a  wafer  30  of  clean  semiconductor   ma te r i a l   ( e . g .  -   s i l i c o n )  

32  on  which  a  d i e l e c t r i c   l ayer   34  has  been  formed.  The  s e m i c o n d u c t o r  

32  may  e i t h e r   c o n s t i t u t e   the  e n t i r e   body  of  the  wafer  p r io r   to  t h e  

format ion   of  the  d i e l e c t r i c   layer   34  or  may comprise  a  r e l a t i v e l y   t h i n  

layer   d i sposed   on  an  a p p r o p r i a t e   suppor t ing   s u b s t r a t e .   The  t r e a t m e n t  

u t i l i z e d   to  form  the  d i e l e c t r i c   layer   34  may  in  par t   depend  on  t h e  

semiconduc tor   32.  However,  in  accordance  with  the  s p e c i f i c   p r o c e s s  

s teps  of  th is   p r e f e r r e d   embodiment,  the  d i e l e c t r i c   l ayer   34  should  be 



one  which  is  s u i t a b l e   for  use  as  a  gate  d i e l e c t r i c   of  a  f i e l d   e f f e c t  

t r a n s i s t o r   (FET).  

Semiconductor   32  is  p r e f e r a b l y   s i l i c o n   and  the  t r e a t m e n t  

p r e f e r a b l y   comprises   t he rma l ly   ox id i z ing   the  s u r f a c e   to  form  a  s i l i c o n  

dioxide  layer   as  the  d i e l e c t r i c   layer   34,  s u i t a b l e   for  use  as  t h e  

gate  d i e l e c t r i c   of  f i e l d   e f f e c t   t r a n s i s t o r s .   For  the  purposes  of  t h i s  

d e s c r i p t i o n ,   i t   will   be  assumed  tha t   s emiconduc to r   32  is  a l ready   doped 

p- type.   The  d i e l e c t r i c   layer   34  is  then  p a t t e r n e d   in  accordance  w i t h  

a  p r ede t e rmined   p a t t e r n .   This  may  be  done  by  an  a p p r o p r i a t e   p r o c e s s ,  

but  is.  p r e f e r a b l y   done  using  p h o t o r e s i s t   and  p h o t o l i t h o g r a p h y .  

A  layer   36  of  a p p r o p r i a t e   p h o t o r e s i s t   is  provided  on  the  w a f e r  

30  on  top  of  l ayer   34  and  exposed  to  a c t i n i c   r a d i a t i o n   through  a 

con tac t   mask  100  (plan  view  Figure  2)  which  i nc ludes   n o n - p r o t e c t i v e  

areas  102  which  render   the  p h o t o r e s i s t   t h e r e u n d e r   so lub le   while  t h e  

remainder  of  the  p h o t o r e s i s t   is  rendered   n o n s o l u b l e .   After   e x p o s u r e  
of  the  p h o t o r e s i s t   to  a c t i n i c   r a d i a t i o n   through  mask  100,  the  p h o t o -  

r e s i s t   is  developed  with  the  r e s u l t   tha t   p h o t o r e s i s t   36  remains  on  t h e  

wafer  everywhere  except  within  those  areas  38  of  the  wafer  which  were  i n  

a l ignment   with  mask  areas  102.  Layer  34  is  not  p r o t e c t e d   by  t h e  

p h o t o r e s i s t   in  those  areas  38.  The  u n p r o t e c t e d   po r t i ons   of  layer   34 

are  removed  in  an  a p p r o p r i a t e   manner.  Where  l ayer   34  is  s i l i c o n  

d iox ide ,   wafer  30  may  be  etched  in  a  s i l i c o n   d ioxide   e t chan t   such  as  

h y d r o f l u o r i c   acid  un t i l   all  of  the  oxide  34  in  the  regions   38  has  been 

removed  to  leave  bare  unpro tec t ed   s i l i c o n   in  the  u n p r o t e c t e d   r e g i o n s  

38  while  p o r t i o n s   of  the  gate  d i e l e c t r i c   l aye r   34  are  r e t a i n e d   u n d e r  

p h o t o r e s i s t   36.  At  the  end  of  th is   removal  s t ep ,   the  wafer  a p p e a r s  

in  c r o s s - s e c t i o n   as  shown  in -F igure   3.  T h e r e a f t e r ,   the  r e m a i n i n g  

p h o t o r e s i s t   36  is  removed.  

As  will   l a t e r   become  c l e a r ,   the  p o r t i o n s ,   or  a reas ,   38  of  t h e  

sur face   of  the  s i l i c o n   semiconductor   l ayer   32  which  are  exposed  i n  

th is   step  are  those  which  will  inc lude   the  source  and  the  d r a i n ,  

for  example,  of  the  f i e l d   e f f e c t   t r a n s i s t o r   to  be  formed.  Doping  o f  

the  s i l i c o n   32  may  now  be  performed  through  these   exposed  areas  38.  



The  remaining  p o r t i o n s   of  the  oxide  l ayer   34,  such  as  seen  in  c r o s s -  

s e c t i o n  t o   the  l e f t   and  r igh t   of  the  c e n t r a l ,   gate  d i e l e c t r i c   p o r t i o n  
of  the  oxide  layer   34  in  the  view  of  Figure  3,  are  r e t a i n e d   for  the  pu 

purpose  of  p r e v e n t i n g   undes i red   doping  of  the  s i l i c o n   layer   32  in  

those  r e g i o n s ;   in  th is   example,  those  regions   will  be  employed  f o r  

t he rma l ly   growing  a  f i e l d   oxide  to  i s o l a t e   the  f i e l d   e f f e c t   t r a n s i s t o r  

from  a d j a c e n t   d e v i c e s .  

As  shown  in  Figure  4,  a  layer   40  of  doped  p o l y c r y s t a l l i n e   s i l i c o n  

( p o l y s i l i c o n )   is  depos i t ed   over  the  e n t i r e   sur face   of  the  wafer  and 

t h e   p o l y s i l i c o n   layer   40  is  then  coated  with  a  l ayer   42  of  s i l i c o n  

n i t r i d e .   Layer  40  may  be  undoped  and  then  doped  in  s i tu   by  e x p o s u r e  
to  high  t e m p e r a t u r e   d i f f u s i o n   or  ion  i m p l a n t a t i o n .   The  p o l y s i l i c o n   40 

is  doped  to  have  the  same  c o n d u c t i v i t y   type  as  the  source  and  d r a i n  

will  have  (n - type   in  th i s   example).   The  p o l y s i l i c o n   40  is  t h e n  

p a t t e r n e d ,   p r e f e r a b l y   by  use  of  p h o t o r e s i s t . .   As  will  l a t e r   be  s e e n ,  

the  use  of  the  s i l i c o n   n i t r i d e   layer   42  i s  o f   s u b s t a n t i a l   s i g n i f i c a n c e ,  

since  i t   permits   s e l e c t i v e   o x i d a t i o n   of  the  exposed  s u r f a c e s   of  t h e  

s i l i c o n   32.  For  example,  f i e l d   oxide  regions   may  be  t h e r m a l l y   grown 

on  the  exposed  s i l i c o n   su r face   wi thout   using  a  mask,  s ince  the  s u r f a c e s  

p r o t e c t e d   by  a  s i l i c o n   n i t r i d e   layer   42  are  not  r e a d i l y   o x i d i z e d .  

P a r t i c u l a r l y ,   s i l i c o n   n i t r i d e   r e q u i r e s   a  much  higher  t e m p e r a t u r e   f o r  

thermal  o x i d a t i o n   than  does  s i l i c o n .   In  another   c o n t e x t ,   the  s i l i c o n  

n i t r i d e   layer   can  be  etched  p r e f e r e n t i a l l y   or  s e l e c t i v e l y   as  r e s p e c t s  

c o r r e s p o n d i n g l y   exposed  su r f aces   of  s i l i c o n   dioxide  wi thout   m a s k i n g ,  

e . g . ,   by  using  a  dip  etch.   This  f a c t o r   c o n t r i b u t e s   as  well  to  t h e  

c a p a b i l i t y   of  ach iev ing   s e l f - a l i g n e d   gate  and  other   c o n t a c t s .  

In  accordance   with  the  p r e sen t   example,  the  next  step  is  t o  

produce  a  des i r ed   p a t t e r n   in  the  s i l i c o n   n i t r i d e   p r o t e c t i n g   layer   42.  

A  layer   44  of  p h o t o r e s i s t   is  provided  on  the  s i l i c o n   n i t r i d e   layer   42 

and  exposed  to  a c t i n i c   r a d i a t i o n   through  an  i s o l a t i o n   mask  110  (seen  in  

FIG.  5).  The  i s o l a t i o n   mask  110  inc ludes   s u b s t a n t i a l l y   r e c t a n g u l a r  

p r o t e c t i v e   reg ions   114  which  cause  the  p h o t o r e s i s t   t h e r e u n d e r   to  be 

rendered  nonso lub le   while  the  remainder   of  the  p h o t o r e s i s t   is  r e n d e r e d  



so lub le   as  a  r e s u l t   of  the  exposure  of  the  p h o t o r e s i s t   to  a c t i n i c  

r a d i a t i o n .   The  c o n f i g u r a t i o n   of  the  i s o l a t i o n   mask  and  i t s   d e s i r e d  

a l ignment   with  the  p o l y c r y s t a l l i n e - s i l i c o n   to  m o n o c r y s t a l l i n e - s i l i c o n  

c o n t a c t   reg ions   38  are  i l l u s t r a t e d   in  the  plan  view  of  Figure  5 .  

As  is  apparent   from  Figure  5,  the  con t ac t   r eg ions   38  as  

i n i t i a l l y   def ined  are  of  l a r g e r   size  than  the  f i na l   d imensions  o f  

the  ac tual   areas  of  c o n t a c t   to  the  s u b s t r a t e ,   as  de te rmined   by  s u b s e q u e n t  

p r o c e s s i n g   s t eps ;   p a r t i c u l a r l y ,   the  p r o t e c t i o n   reg ions   114  are  o f  

reduced  length   r e l a t i v e l y   to  the  d i s t a n c e   between  the  outer   b o u n d a r i e s  

of  the  con t ac t   regions   38  and  of  r e l a t i v e l y   reduced  width.   S u b s e q u e n t  

p r o c e s s i n g ,   to  be  d e s c r i b e d ,   removes  the  p o l y s i l i c o n   40  and,  o p t i o n a l l y ,  

may  remove  as  well  any  of  the  oxide  34,  which  remains  ou t s ide   t h e  

p e r i m e t e r   of  r e s p e c t i v e   ones  of  the  var ious   p r o t e c t i n g   reg ions   114.  

Thus  the  area  of  con t ac t   between  the  p o l y s i l i c o n   40  and  the  s i l i c o n  

s u b s t r a t e   32,  as  a f fo rded   by  p r o t e c t i o n   reg ions   114  of  mask  110,  i s  

reduced  r e l a t i v e l y   to  the  s u b s t r a t e   area  38  exposed  through  mask  100.  

Subsequent   f i g u r e s ,   however,  r e t a i n   these   i n i t i a l   d imensions  of  t h e  

con t ac t   reg ions   38,  and  of  the  gate  oxide  34,  for  purposes   o f  

i l l u s t r a t i n g   the  t o l e r a n c e   to  mask  misa l ignment   a f fo rded   by  the  p r e s e n t  

i n v e n t i o n .  

The  a l ignment   of  the  i s o l a t i o n   mask  in  the  "A"  d i r e c t i o n   i s  

adequate   if  the  p r o t e c t i n g   reg ions   114  do  not  extend  beyond  the  u p p e r  

or  lower  edges  of  the  p o l y - t o - m o n o - s i l i c o n   c o n t a c t   reg ions   38  in  F i g u r e  

5.  The  a l ignment   of  the  i s o l a t i o n   mask  in  the  "B"  d i r e c t i o n   also  has 

a  s u b s t a n t i a l   t o l e r a n c e   as  the  r e s u l t   of  the  succeeding   p r o c e s s i n g  

s t eps .   The  l e f t - h a n d   and  r i g h t - h a n d   v e r t i c a l   edges  of  areas  114  i n  

Figure  5  must  l ie   wi th in   regions   38.  Ideal  a l ignment   in  the  "B" 

d i r e c t i o n   will   make  the  d i s t a n c e s   116A  and  ll6B  between  the  r e s p e c t i v e  

end  edges  of  regions   114  and  the  outer   edging  of  the  r e s p e c t i v e l y  

a s s o c i a t e d   regions   38  equal .   The  exposed  p h o t o r e s i s t   l ayer   44  i s  

developed  to  uncover  the  s i l i c o n   n i t r i d e   layer   42  in  the  areas  46  as  

shown  in  Fig.  6,  where  the  p h o t o r e s i s t   was  rendered   so lub le   ( i . e .   a r e a s  

not  under  regions   114);  c o n v e r s e l y ,   t h e  p h o t o r e s i s t   p o r t i o n s   44  which  



were  rendered  nonso lub le   by  the  p h o t o l i t h o g r a p h i c   exposure  of  t h e  

mask,  ( i . e .   areas  under  regions   114),  remain  on  the  w a f e r .  

Following  the  development  of  the  p h o t o r e s i s t   44  in  a c c o r d a n c e  

with  the  i s o l a t i o n   mask  110,  the  u n p r o t e c t e d   por t ions   of  the  s i l i c o n  

n i t r i d e   layer   42  are  removed  in  an  a p p r o p r i a t e   manner.  Next,  t h e  

p o l y s i l i c o n   42  which  was  uncovered  and  thus  exposed  by  the  removal  

of  the  u n p r o t e c t e d   p o r t i o n s   of  the  s i l i c o n   n i t r i d e   layer   42  is  removed 

in  an  a p p r o p r i a t e   manner.  Next,  the  po r t i ons   of  the  oxide  l aye r   34 

which  are  uncovered  and  thus  exposed  by  the  removal  of  p o r t i o n s   o f  

.the  p o l y s i l i c o n   layer   40  may  be  r e t a i n e d ,   or  removed  in  an  a p p r o p r i a t e  

manner,  ( e . g .  -   e tched  away)  as  d e s i r e d .   As  shown  in  Fig.  6,  t h e  

s i l i c o n   d ioxide   34  is  r e t a i n e d   in  the  areas  46,  and  the  f i e l d   o x i d e  

will  be  grown  f u r t h e r   t h e r e w i t h .   Removal  of  the  exposed  s i l i c o n  

dioxide  34  is  d e s i r a b l e   when  there   has  been  damage  to  it   or  i t s  

sur face   rendered  i r r e g u l a r   during  the  removal  of  the  ove r ly ing   p o l y -  

s i l i c o n   l aye r .   In  those  cases ,   where  the  s i l i c o n   dioxide  l aye r   34  i s  

removed,  the  su r f ace   of  the  s i l i c o n   32  is  d i r e c t l y   exposed  and  a  f i e l d  

oxide  is  then  grown  d i r e c t l y   on  tha t   exposed  s i l i c o n   su r f ace .   If  t h e  

process  is  being  performed  on  a  bulk  s i l i c o n   wafer,   the  s i l i c o n   of  t h e  

wafer  may  be  removed  to  a  depth  of  app rox ima te ly   0.5  microns  in  t h e  

unpro t ec t ed   a reas .   If  the  process   is  being  performed  on  a  s i l i c o n   on 

sapphi re   or  s i m i l a r   composite  wafer ,   the  s i l i c o n   may  be  removed  to  a 

depth  such  tha t   subsequent   f i e l d   o x i d a t i o n   of  the  remaining  s i l i c o n  

will  conver t   tha t   remaining  s i l i c o n   to  a  s i l i c o n   dioxide  layer   which  i s  

s u b s t a n t i a l l y   level  with  the  upper  su r f ace   of  the  remaining  p o r t i o n s  

of  the  p o l y s i l i c o n   layer   40,  thereby  consuming  s u b s t a n t i a l l y   all  o f  

the  remaining  s i l i c o n   in  regions   46. 

In  the  case  of  a  m o n o c r y s t a l l i n e   s i l i c o n   32  as  the  s u b s t r a t e ,  

the  unpro tec t ed   su r face   has  a  f i e l d   oxide  grown  thereon  to  p r e v e n t  

inve r s ion   of  tha t   s i l i c o n   su r f ace .   As  before  noted,  the  p a t t e r n   o f  

p o l y c r y s t a l l i n e - s i l i c o n - t o - m o n o c r y s t a l l i n e - s i l i c o n   contac t   mask  100 

was  s e l e c t e d   to  prevent   the  p o l y s i l i c o n   40  from  con t ac t i ng   t h e  

m o n o c r y s t a l l i n e   s i l i c o n   32  in  the  regions   which  wi.11  form  the  f i e l d  



o x i d e , - i n   order  to  p revent   u n i n t e n t i o n a l   or  undes i r ed   doping  of  t h e  

m o n o c r y s t a l l i n e   s i l i c o n   under  the  f i e l d   oxide.   At  the  comple t ion   o f  

the  above  removal  s t eps ,   s u b j e c t   to  the  above  o b s e r v a t i o n s ,   the  w a f e r  

appears   in  cross  s ec t ion   as  i l l u s t r a t e d   in  Figure  6 .  

If  i t   is  des i red   to  dope  the  f i e l d   regions   to  con t ro l   t h e i r  

i n v e r s i o n   t h r e s h o l d s ,   t h i s   may  be  done  by  ion  i m p l a n t a t i o n   p r io r   t o  

the  removal  of  p h o t o r e s i s t   44  in  order  tha t   p h o t o r e s i s t   44  may  act  as 

a  s e l f - a l i g n e d   i m p l a n t a t i o n   mask.  Thus,  if  a  f i e l d   implant   i s  

per formed,   the  remaining  p h o t o r e s i s t   44  is  removed  a f t e r   the  i m p l a n t  

is  per formed;   o t h e r w i s e ,   p h o t o r e s i s t   44  is  removed  a f t e r   the  c o m p l e t i o n  

of  the  a b o v e - d i s c u s s e d   removal  s t e p s .  

Next,  the  wafer  is  exposed  to  thermal  o x i d a t i o n   c o n d i t i o n s   f o r  

a  per iod   of  time  s u f f i c i e n t   to  oxid ize   the  exposed  s i l i c o n   32  to  form 

a  thermal  f i e l d   oxide  l ayer   50  having  an  upper  su r f ace   at  a  l e v e l  

which  minimizes  d i s c o n t i n u i t i e s   between  i t s   upper  su r f ace   and  the  uppe r  
s u r f a c e   of  the  remaining  p o l y s i l i c o n   40.  During  t h i s   thermal  o x i d a t i o n  

s t ep ,   o x i d a t i o n   of  the  r e t a i n e d   p o l y s i l i c o n   40  is  p reven ted   by  t h e  

o v e r l y i n g   s i l i c o n   n i t r i d e   layer   42.  After   the  thermal  o x i d a t i o n  

process   has  been  t e r m i n a t e d ,   the  wafer  appears  in  cross  s e c t i o n   as  i n  

Figure  7. 

The  wafer  is  then  coated  with  a  th i rd   p h o t o r e s i s t   l aye r   52 

which  is  s u b s e q u e n t l y   exposed  to  a c t i n i c   r a d i a t i o n   through.  a   g a t e  

c o n t a c t   mask  120  (Figure  8).  P rocess ing   in  accordance   with  the  g a t e  

c o n t a c t   mask  120  renders   the  p h o t o r e s i s t   t h e r e u n d e r   so lub l e   over  most  

of  the  area  but  renders  the  p h o t o r e s i s t   n o n - s o l u b l e   under  mask 

p r o t e c t i v e   areas  124.  Areas  124C  each  cover  a  c e n t r a l   s t r i p   52C  o f  

the  p h o t o r e s i s t   over  the  m u l t i - l a y e r e d   s t r u c t u r e   compr is ing   the  g a t e  

oxide  34  and  the  p o l y s i l i c o n   40  thereon.   Areas  124D  and  124S  a r e  

spaced  a  p rede te rmined   d i s t a n c e   from  the  gate  mask  area  124C  and  are  o f  

a  s ize   and  c o n f i g u r a t i o n   such  tha t   each  covers  a  s i g n i f i c a n t   por t ion   o f  

the  p h o t o r e s i s t   (52D  and  52S,  r e s p e c t i v e l y )   ove r ly ing   r e s p e c t i v e   ones 

of  the  i n d i v i d u a l   p o l y c r y s t a l l i n e - s i l i c o n - t o - m o n o c r y s t a l l i n e   s i l i c o n  



con tac t   areas  38  and  extending  outwardly  t he rebeyond .   This  a f f o r d s  

a  misa l ignment   bu f f e r   as  regards  mask  120  and  s p e c i f i c a l l y   the  a r e a s  

124D,  C  and  S  t h e r e o f   r e l a t i v e   to  the  boundar ies   114.  For  p r o p e r  
u l t i m a t e   device  o p e r a t i o n ,   the  mask  120  must  be  a l igned   in  d i r e c t i o n  

"B"  so  tha t   the  ( v e r t i c a l   in  Figure  8)  edges  35  of  the  s i l i c o n   d i o x i d e  

layer   34,  a  po r t ion   of  which  will  form  the  gate  d i e l e c t r i c   a f t e r  

subsequent   p r o c e s s i n g ,   are  both  located  where  they  are  not  p r o t e c t e d  

by  the  p h o t o r e s i s t   52  a f t e r   it  is  developed.   The  mask  120  must  be 

a l igned   in  d i r e c t i o n   "A"  so  that   the  p h o t o r e s i s t   52C  spans  the  g a t e  
oxide  34  in  the  d i r e c t i o n   "A"  so  that   there   is  a  s t r i p   of  gate  ox ide  

( i . e . ,   d i e l e c t r i c )   t h e r e u n d e r   which  is  p r o t e c t e d ,   from  upper  edge 

33U  in  Figure  8  to  lower  edge  33L  in  Figure  8.  

The  mask  p r o t e c t i o n   areas  124G,  r e l a t i n g   to  the  gate ,   and  124D 

and  124S,  r e l a t i n g   r e s p e c t i v e l y   to  the  drain  and  source ,   are  seen  t o  

be  again  o v e r - s i z e ,   i . e . ,   l a rge r   in  both  width  and  length  d imens ions  

than  those  p o r t i o n s   of  the  cor responding   regions   def ined  by  the  mask 

s ize   114.  As  will   l a t e r   be  seen,  the  p h o t o r e s i s t   e l emen t s ,   or  p o r t i o n s  

52D,  C  and  S,  r e s p e c t i v e l y   r e s u l t i n g   from  the  mask  p r o t e c t i o n   a r e a s  

124D,  C  and  S  u l t i m a t e l y   will  serve  to  def ine   those  po r t i ons   of  t h e  

s i l i c o n   n i t r i d e   l aye r   24  which  are  r e t a i n e d .   Retained  po r t i ons   of  t h e  

s i l i c o n   n i t r i d e   layer   42  u l t i m a t e l y   will  a f ford   s e l f - a l i g n e d   c o n t a c t  

areas  to  the  gate ,   drain  and  source  regions   of  the  f i e l d   e f f e c t  

t r a n s i s t o r .   As  above  noted,   the  p rec i se   a l ignment   p o s i t i o n   in  t h e  

d i r e c t i o n s   A  and  B  of  the  mask  120  is  not  c r i t i c a l   but  r a t he r   m i s -  

a l ignment   of  mask  120  may  occur,  o f f s e t t i n g   the  ac tual   p o s i t i o n s   o f  

the  p a r t i c u l a r   areas  124C,  D  and  S,  from  those  ideal  p o s i t i o n s  

i n d i c a t e d   in  Figure  8.  The  l imi t s   on  such  o f f s e t   as  may  occur  and 

be  t o l e r a t e d ,   are  r e a d i l y   within  the  c a p a b i l i t i e s   of  mask  a l i g n m e n t  

procedures   in  c u r r e n t   t e c h n o l o g y .  

After   exposure  o f  t h e   p h o t o r e s i s t   through  the  gate  con tac t   mask 

1?0,  p h o t o r e s i s t   52  is  developed  to  remove  the  so lub le   por t ions   of  t h e  

p h o t o r e s i s t .   Figure  9  is  a  cross  s ec t ion   through  Figure  8  taken  a long  

the  l ine   9-9  a f t e r   development  of  the  p h o t o r e s i s t .   After   development  



of  the  p h o t o r e s i s t ,   there   are  t roughs   54  between  each  p h o t o r e s i s t  
i s l and .52C   and  the  ad jacen t   p h o t o r e s i s t   i s l a n d s   52D  and  52S.  The 

i s l ands   52C,  52D  and  52S  are  over  channel  r e g i o n s ,   dra in   reg ions   and 

source  r e g i o n s ,   r e s p e c t i v e l y ,   of  f i e l d   e f f e c t   t r a n s i s t o r s .   A d d i t i o n a l  

i s l ands   would  be  provided  for  a d d i t i o n a l   types  of  dev i ce s .   The 

u n p r o t e c t e d   p o r t i o n s   of  the  s i l i c o n   n i t r i d e   42  are  removed  in  an 

a p p r o p r i a t e   manner.  The  p o l y s i l i c o n   40  which  is  uncovered  by  t h e  

removal  of  the  s i l i c o n   n i t r i d e   is  removed,  p r e f e r a b l y   with  a  minimum 

of  a t t a c k   on  the  m o n o c r y s t a l l i n e   s i l i c o n   t h e r e u n d e r .   The  removal  o f  

the  p o l y s i l i c o n   40  uncovers  any  p o r t i o n s   of  the  gate  oxide  34  which  

extend  l a t e r a l l y   beyond  the  edges  of  the  ove r ly ing   p h o t o r e s i s t   52C. 

The  u n p r o t e c t e d   por t ions   of  the  gate  oxide  34  are  removed  in  an 

a p p r o p r i a t e   manner  and  the  wafer  appears   as  in  Figure  10.  The  removal  

of  those  p o r t i o n s   of  the  gate  oxide  layer   34  which  extend  ou t s ide   t h e  

boundar ies   of  the  p h o t o r e s i s t   p r o t e c t i o n   po r t ion   52C  will   cause  removal 

of  m a t e r i a l   from  the  f i e l d   oxides  50  as  wel l .   However,  the  g a t e  

oxide  34  is  so  much  t h i n n e r   than  the  f i e l d   oxide  tha t   such  removal  o f  

ma te r i a l   from  the  su r face   of  the  f i e l d   oxide  50  is  minimal  and  n o t  

d e t r i m e n t a l .   N e v e r t h e l e s s ,   the  p h o t o r e s i s t   drain  and  source  p o r t i o n s  

52D  and  52S,  r e s p e c t i v e l y   are  l oca ted   p r e f e r a b l y   so  as  to  over lap   on to  

the  a d j a c e n t   f i e l d   oxides  50  as  shown  in  Figure  10,  thereby   r e d u c i n g  

the  p o s s i b i l i t y   of  u n d e r c u t t i n g   of  the  f i e l d   oxide  50  a d j a c e n t   t h e  

drain  and  source  p o l y s i l i c o n   ma te r i a l   4 0 .  

Af te r   the  step  of  removing  the  u n p r o t e c t e d   p o r t i o n s   of  g a t e  

oxide  34  has  been  completed,   the  e n t i r e   bo t tom of   each  of  the  t r o u g h s  

54  is  bare  u n p r o t e c t e d   s i l i c o n   32,  except   at  the  ends  of  the  t r o u g h s  

where  they  are  over  f i e l d   oxide.   The  u n p r o t e c t e d   p o r t i o n s   of  t h e  

s i l i c o n   32,  which  are  ad j acen t   the  gate  or  channel  r e g i o n s ,   are  t h e n  

doped  n - type   to  form  source  and  drain  r e g i o n s ,   This  doping  may  be  done 

by  ion  i m p l a n t a t i o n ,   by  s o l i d - s t a t e   d i f f u s i o n   from  doped  oxides  or  by 

any  o the r   a p p r o p r i a t e   method.  The  remaining  p h o t o r e s i s t   52  i s  



removed  from  the  wafer.   This  step  of  removing  the  remaining  p h o t o -  

r e s i s t   52  may  precede  or  follow  the  doping  s t ep ,   depending  on  t h e  

doping  method  u t i l i z e d .  

Next,  the  wafer  is  t he rmal ly   ox id ized   to  grow  a  thermal  c r o s s -  

over  oxide  60  on  the  unpro tec t ed   po r t i ons   of  the  source  and  d r a i n  

regions  ( i . e .   bare  s i l i c o n   32).  The  s i l i c o n   n i t r i d e   p r o t e c t i o n   l a y e r  

42  p reven ts   thermal  ox ida t ion   in  those  a s s o c i a t e d   p r o t e c t e d   a r e a s .  

Hence,  s e l e c t i v e   thermal  ox ida t ion   is  performed  while  the  p o r t i o n s   o f  

the  s i l i c o n   n i t r i d e   layer   42  remain  in  place  de f in ing   the  c o n t a c t  

areas  to  the  source ,   drain  and  gate  r e g i o n s ,   p r even t ing   the  deve lopment  

of  any  thermal  oxide  t h e r e o v e r .   U l t i m a t e l y ,   these  remaining  p o r t i o n s  

of  the  s i l i c o n   n i t r i d e   layer   42  are  s e l e c t i v e l y   removed  such  as  by  a 

dip  etch  which  has  no  e f f e c t   on  the  exposed  oxide  s u r f a c e s ,   thereby  t o  

expose  those  c o r r e s p o n d i n g   contac t   areas  and  thus  a f ford   s e l f - a l i g n e d  

con tac t s   to  the  source ,   drain  and  gate  r e g i o n s .  

During  the  thermal  ox ida t ion   for  developing   the  c r o s s - o v e r   60,  

the  dopant  i n t r o d u c e d   in  the  source  and  drain  doping  step  will  d i f f u s e  

deeper  into  the  m o n o c r y s t a l l i n e   s i l i c o n   32  and  l a t e r a l l y   within  t h e  

m o n o c r y s t a l l i n e   s i l i c o n   32  and  thus  s l i g h t l y   under  the  gate  oxidr.  34 

under  the  p o l y s i l i c o n   40  of  the  gate.   In  f a c t ,   once  the  p o l y s i l i c o n  

layer   40  is  d e p o s i t e d ,   on  each  subsequent   occas ion   of  heat ing  t h e  

wafer  to  a  t e m p e r a t u r e   which  is  s u f f i c i e n t   to  induce  dopant  d i f f u s i o n  

within  the  m o n o c r y s t a l l i n e   s i l i c o n   32,  some  of  the  dopant  in  the  p o l y -  

s i l i c o n   40  d i f f u s e s   into  the  por t ions   of  t h e m o n o c r y s t a l l i n e   s i l i c o n   32 

in  con tac t   t h e r e w i t h .   During  the  o x i d a t i o n   step  for  developing   t h e  

c rossove r   oxide  60,  t h e r e f o r e ,   i m p u r i t i e s   in t roduced   into  the  s i l i c o n  

32  from  the  doped  p o l y s i l i c o n   40  d i f f u s e   f u r t h e r   wi thin   the  mono- 

c r y s t a l l i n e   s i l i c o n   32  and  create   cont inuous   source  and  drain  r e g i o n s  

70  and  72  (shown  in  Figure  11)  at  the  co r r e spond ing   p o l y c r y s t a l l i n e - t o -  

m o n o c r y s t a l l i n e - s i l i c o n   contac t   regions  38.  Each  of  these  regions  70 

and  72  extends  from  under  the  p o l y s i l i c o n   gate  (34)  out  to  t h e  

co r respond ing   f i e l d   oxide  por t ions   50.  However,  if  process  t e m p e r a t u r e s  



are  kept  low,  l a t e r a l   d i f f u s i o n   can  be  reduced  to  a  n e g l i g i b l e   amount ,  

if  so  des i r ed   or  p r e f e r r e d .   Once  the  c r o s s o v e r   oxide  60  has  grown  to  a 

de s i r ed   t h i c k n e s s ,   the  thermal  o x i d a t i o n   is  s topped.   The  d e s i r e d  

t h i c k n e s s   may  be  one  which  minimizes  s u r f a c e   d i s c o n t i n u i t i e s   between  t h e  

p o l y s i l i c o n   40  over  the  source  and  dra in   r eg ions   and  the  p o l y s i l i c o n  

gate ,   or  one  which  minimizes  c ro s sove r   c a p a c i t a n c e ,   or  some  o ther   t h i c k -  

ness.  At  the  end  of  the  thermal  o x i d a t i o n   s t ep ,   the  wafer  appears  i n  

c r o s s - s e c t i o n   as  shown  in  Figure  11.  

There  thus  are  provided  at  the  s u r f a c e ,   e i t h e r   an  oxide  (and  

p a r t i c u l a r l y   s i l i c o n   d i o x i d e ) ,   such  as  from  the  f i e l d   oxide  reg ions   50 

or  the  c r o s s o v e r   60,  and  s e l e c t e d   small  p o r t i o n s   of  the  s i l i c o n   n i t r i d e  

layer   42  cover ing   con tac t   areas  to  the  source ,   drain  and  gate  r e g i o n s .  

This  remaining  po r t ion   of  the  s i l i c o n   n i t r i d e   layer   42  for  the  d r a i n  

region  is  removed  by  s e l e c t i v e   etch  to  expose  the  under ly ing   su r f ace   o f  

the  p o l y s i l i c o n   layer   40  in  the  d r a i n . r e g i o n .  

Next  the  r e s i s t o r   in  s e r i e s   with  the  drain  will  be  fo rmed .  

Refe r r ing   now  to  FIG.  l l a ,   mask  55  is  shown  having  an  opening  56 

t h e r e t h r o u g h   in  a l ignment   with  the  dra in   region  covered  by  the  s i l i c o n  

n i t r i d e   button  42  to  the  r i gh t   of  the  c r o s s o v e r   oxide  60  and  to  t h e  

l e f t   of  the  r i g h t - h a n d   f i e l d   oxide  50.  p h o t o r e s i s t   layer   57  i s  

depos i t ed   and  mask  55  opens  the  region  d i r e c t l y   above  th is   s i l i c o n  

n i t r i d e   button  421,  p e r m i t t i n g   i ts   removal  by  dry  e tching  w i t h o u t  

a f f e c t i n g   remaining  s t r u c t u r e ,   as  is  shown  in  FIGs  l lb  and  l l c .  

Once  the  n i t r i d e   button  is  removed,  and  the  p h o t o r e s i s t  

s t r i p p e d   of f ,   an  undoped  p o l y s i l i c o n   l ayer   61  is  depos i t ed   over  t h e  

e n t i r e   wafer  making  d i r e c t   con tac t   with  the  doped  p o l y s i l i c o n   40 

over  the  drain  region  as  best  seen  in  FIG.  l l c .  

Next  a  l ayer   of  s i l i c o n   n i t r i d e   62  is  la id   down  over  the  e n t i r e  

wafer  and  the  oppos i t e   mask  55'  (FIG.  l lb )   to  tha t   of  FIG.  11a  i s  

employed  to  cover  or  p r o t e c t   the  s i l i c o n   n i t r i d e   62  on  top  of  t h e  

undoped  p o l y s i l i c o n   61  and  permit   removal  of  the  remainder  of  t h i s  

l ayer   through  the  above-ment ioned  p h o t o r e s i s t   t echn iques   and  dry  e t c h i n g .  



Thus,  in  FIG.  l l e ,   the  r e s i s t o r   comprises  the  undoped  p o l y -  

s i l i c o n   layer   61  in  con tac t   with  the  p o l y s i l i c o n   40  compris ing  t h e  

drain  conductor   in  e l e c t r i c a l   connect ion   with  the  doped  region  70. 

Hence,  the  wafer  32  now  inc ludes   the  three   basic  r e g i o n s ,   i . e .   t h e  

source ,   gate  and  drain  with  s e r i e s   r e s i s t o r   p r o t e c t e d   by  s i l i c o n  

n i t r i d e   but tons   42,  42  and  59.  

A  conduc t ive   mate r ia l   62  such  as  metal  or  p o l y s i l i c o n   i s  

then  d e p o s i t e d   on  the  wafer.  A  p h o t o r e s i s t   layer   64  is  provided  on 

conduc t ive   ma te r i a l   62  and  exposed  to  a c t i n i c   r a d i a t i o n   through  a 

m e t a l l i z a t i o n   mask  130  which  d e l i n e a t e s   the  geometry  of  the  c o n d u c t i v e  

m a t e r i a l .   Wherever  it  is  des i red   to  r e t a i n   con tac t   ma te r i a l   62,  mask 

130  has  p r o t e c t i v e   areas  134  which  render  the  p h o t o r e s i s t   64  t h e r e -  

under  nonso lub l e .   A  por t ion   of  mask  130  is  i l l u s t r a t e d   in  Figure  12. 

Areas  134D,  134G  and  1345  define  the  po r t i ons   of  conduc t ive   m a t e r i a l  

62  which  will  be  connected  to  the  drain  via  i ts   s e r i e s   r e s i s t o r   61 

the  gate  and  the  source ,   r e s p e c t i v e l y ,   of  i n d i v i d u a l   f i e l d   e f f e c t  

t r a n s i s t o r s .   The  areas  134D,  134G  and  134S  over  the  r e s p e c t i v e   d r a i n ,  

( r e s i s t o r )   gate  and  source  regions  r e s p e c t i v e l y   are  of  s u b s t a n t i a l l y  

g r e a t e r   l a t e r a l   and  length  dimensions  than  the  co r r e spond ing   c o n t a c t  

reg ions   themse lves .   This  is  made  pos s ib l e   by  the  i s o l a t i o n ,   or  e 

e l e c t r i c a l   i n s u l a t i o n ,   a f forded  by  the  f i e l d   oxides  50  and  the  c r o s s -  

overs  60,  which  permit   these  c o n t a c t i n g   areas  to  over lap   from  t h e  

c o n t a c t   regions   themselves  onto  the  ad jacen t   oxide  su r f aces   w i t h o u t  

any  d e l e t e r i o u s   e f f e c t   and  p a r t i c u l a r l y   wi thout   any  concern  of  s h o r t i n g .  

Since  these  c o n t a c t i n g   m e t a l l i z e d   areas  are  def ined  by  a  s ing le   masking 

s tep ,   a l ignment   between  those  con tac t s   a s s o c i a t e d   with  a  source  and  a 

dra in   ( r e s i s t o r )   versus  that   a s s o c i a t e d   with  a  gate  is  a ssured ,   and  so 

long  as  a  given  contac t   area  makes  s u b s t a n t i a l   con tac t   with  a s s o c i a t e d  

con tac t   r eg ion ,   adequate  e l e c t r i c a l   connect ion   to  all  areas  will  be 

accompl i shed .   In  genera l ,   the  only  l i m i t a t i o n   is  tha t   the  mask  cannot  

be  so  far  out  of  l ine  such  that   one  contac t   area  over laps   from  i t s  

in tended   con tac t   region,   extending  not  only  across   an  i n t e r v e n i n g  

i n s u l a t o r   (e .g .   the  c r o s s - o v e r s   60)  but  also  into  over lap   p o s i t i o n s  



on  an  a d j a c e n t   con tac t   r eg ion .   Convent ional   manufac tu r i ng   t e c h n i q u e s  

are  adequate   for  avoiding  such  an  extreme  case  of  mask  m i s a l i g n m e n t  

which  could  render  th is   r e s u l t .  

Ideal  a l ignment   between  the  areas  134  of  mask  130  and  t h e  

a l r e a d y   e x i s t i n g   s t r u c t u r e   is  i l l u s t r a t e d   by  the  p o s i t i o n   of  t h e  

u n d e r l y i n g   areas  38,  and  the  p o s i t i o n s   p r e v i o u s l y   occupied  by 

p r o t e c t i v e   areas  114  and  124  of  masks  110  and  120,  r e s p e c t i v e l y .   I t  

will   be  unders tood   tha t   the  actual   areas  p r e s e n t   in  the  u n d e r l y i n g  

s t r u c t u r e   do  not  correspond  to  the  o u t l i n e s   38,  114  and  124,  but  were 

de te rmined   by  them  at  l e a s t   i n i t i a l l y .   In  p a r t i c u l a r ,   the  areas  38 

have  been  changed  by  the  subsequent   a p p l i c a t i o n s   of  (1)  the  i s o l a t i o n  

mask  110  which  d e l i n e a t e d   changes  in tie  l o c a t i o n   of  t h ree   of  the  f o u r  

boundar i e s   o f  each   region  38  and  (2),   and  the  mask  120  which  d e l i n e a t e d  

changes  in  the  l o c a t i o n   of  the  remaining  o r i g i n a l   boundary  of  the  a r e a s  

38.  In  f a c t ,   for  t h i s   ideal  a l ignment   i l l u s t r a t i o n   of  Figure  12,  t h e  

d r a i n ,   ga te ,   and  source  c o n t a c t   r e g i o n s ,   as  they  r e l a t e   to  t h e  

c o r r e s p o n d i n g   m e t a l l i z a t i o n   a reas ,   are  encompassed  in  an  evenly  s p a c e d ,  

symmetr ical   manner  by  the  m e t a l l i z a t i o n   in  those  areas  shown  by  t h e  

doubly  cross  hatched  r eg ions .   It  will  thus  be  apparen t   from  F i g u r e  

12  t ha t   s u b s t a n t i a l   misa l ignment   of  the  mask  may  occur ,   y e t ,   n e v e r t h e -  

l e s s ,   adequate   e l e c t r i c a l   con tac t   of  the  m e t a l l i z a t i o n   areas  on  t h e  

exposed  c o n t a c t   regions   will   be  ach ieved ,   wi thout   concern  of  s h o r t i n g .  

F u r t h e r ,   so  long  as  mask  120  was  p r o p e r l y   a l igned   wi th in   mask 

a l ignment   t o l e r a n c e s ,   the  a l ignment   of  mask  130  in  the  d i r e c t i o n   "A" 

has  s u b s t a n t i a l   l a t i t u d e ,   so  long  as  a  l ine   from  the  c e n t e r   of  t h e  

dra in   of  each  device  to  the  cen te r   of  the  source  of  the  same  device  i s  

p a r a l l e l   to  the  d i r e c t i o n   "B". 

Mask  130  must  be  a l igned   in  d i r e c t i o n   "B"  so  t ha t   the  gap  be tween 

areas   134D  and  134G  of  each  device  l i e s   s i g n i f i c a n t l y   on  the  c r o s s o v e r  

oxide  60.  It  is  also  necessa ry   tha t   the  gap  between  areas  134G  and  134S 

l i e s   s i g n i f i c a n t l y   on  the  c ro s sove r   oxide  60.  Proper  a l ignment   of  t h e  

gap  between  134D  and  134G  assures   proper  a l ignment   of  the  gap  between 

134G  and  134S.  In  th is   case  what  is  mean  by  " l i e s   s i g n i f i c a n t l y   on  t h e  



c r o s s o v e r   oxide"  is  that   a  s u f f i c i e n t   po r t ion   of  tha t   gap  in  on 

the  oxide  to  assure   that   those  conduc t ive   reg ions   def ined  by  a r e a s  

134D,  134G  and  134S  con tac t   the  area  they  are  in tended  to  con tac t   and 

do  not  c o n t a c t   or  short   to  the  a d j a c e n t   areas  they  are  not  i n t e i i ded  

to  c o n t a c t .  

Once  p h o t o r e s i s t   64  has  been  exposed  to  a c t i n i c   r a d i a t i o n  

through  mask  130,  the  p h o t o r e s i s t   is  developed,   The  removal  of  t h e  

so lub l e   r e s i s t   by  the  development  process   c r e a t e s   t roughs   66  (as  shown 

in  Figure  13)  between  the  r e t a i n e d   p o r t i o n s   of  the  p h o t o r e s i s t   64.  

The  p o r t i o n s   of  conduc t ive   layer   62  which  l ie   in  the  t roughs  66  are  no t  

p r o t e c t e d   by  the  remaining  p h o t o r e s i s t   64.  These  u n p r o t e c t e d   p o r t i o n s  

of  l aye r   62  are  removed  in  an  a p p r o p r i a t e   manner,  the reby   c r e a t i n g  

i n d i v i d u a l   conduc t ive   l i n e s .   At  th i s   s t a g e ,   the  wafer  appears  as  in  

Figure  13.  The  remaining  p o r t i o n s   of  p h o t o r e s i s t   l ayer   64  a r e  

p r e f e r a b l y   removed  a f t e r   the  u n p r o t e c t e d   p o r t i o n s   of  l ayer   62  a r e  

removed.  

It  may  be  mentioned  that   s e l f - a l i g n e d   c o n t a c t s   are  not  e s s e n t i a l  

to  t h i s   i n v e n t i o n ,   but  such  luxury  does  save  real  e s t a t e   when  t h e  

metal  conduc to r s   are  i d e a l i z e d .   However,  the  p r i n c i p l e s   of  t h i s  

i n v e n t i o n   are  set  fo r th   in  the  claims  as  a  measure  of  the  i n t e n d e d  

scope  of  the  i n v e n t i o n .  



The  i n v e n t i o n   may  be  s u m m a r i z e d   as  f o l l o w s :  

1.  A  VLSI  ROM  with  p r o v i s i o n   for  redundancy  compr i s ing ,   i n  

c o m b i n a t i o n :  

a  p l u r a l i t y   of  c e l l s ;  

a  p l u r a l i t y   of  su rp lus   t r a n s i s t o r s   each  having  a 

high  r e s i s t a n c e   p o l y s i l i c o n   r e s i s t o r   in  s e r i e s   t he r ewi th   c a p a b l e  

of  c o n s t i t u t i n g   c e l l s ;   and ,  

means  for  s e l e c t i n g   a  t r a n s i s t o r   to  r ep lace   one  o f  

said  c e l l s ,   said  t r a n s i s t o r   being  programmable  to  one  logic  s t a t e  

by  the  a p p l i c a t i o n   of  bias  vo l tage   ac ross   the  t r a n s i s t o r   and 

a s s o c i a t e d   r e s i s t o r   to  e s t a b l i s h   a  h igh ly   conduc t ive   c o n d i t i o n   f o r  

the  r e s i s t o r ,   and  being  r e p r e s e n t a t i v e   of  the  o ther   logic   s t a t e  

with  the  r e s i s t o r   i n t a c t   at  high  r e s i s t a n c e .  

2.  The  ROM  of  I t e m   1,  w h e r e i n :  

said  p l u r a l i t y   of  c e l l s   comprise  a  t r a n s i s t o r   f o r  

each  cell   i n c l u d i n g   a  p o l y s i l i c o n   high  r e s i s t a n c e   r e s i s t o r   f o r  

said  one  logic   s t a t e   and  a  high  c o n d u c t i v i t y   s t a t e   in  a  r e s i s t o r  

for  the  o ther   s t a t e .  

3.  The  ROM  of  I t e m   2,  w h e r e i n :  

said  r e s i s t o r   is  connected   in  s e r i e s   with  s a i d  

t r a n s i s t o r   between  the  drain  and  a  source  of  supply  v o l t a g e .  

4.  The  ROM  of  I t e m   3,  w h e r e i n :  

NMOS  p r o c e s s i n g   is  u t i l i z e d   to  f a b r i c a t e   said  ROM; 

a n d ,  

the  magnitude  of  said  supply  vol tage   c o r r e s p o n d s  

to  conven t iona l   MOS  supply  v o l t a g e s .  



5.  A  cell   for  a  high  dens i ty   ROM,  compris ing  in  c o m b i n a t i o n :  

a  s u b s t r a t e ;  

a  source  doped  region  in  said  s u b s t r a t e   having  a 

doped  p o l y s i l i c o n   layer   in  con tac t   with  the  region  and  a  me ta l  

con tac t   in  e l e c t r i c a l   connec t ion   with  the  doped  p o l y s i l i c o n ;  

a  gate  compris ing  a  p o l y s i l i c o n   layer   and  a  me ta l  

con tac t   t h e r e i n ;   a n d ,  

a  dra in   and  r e s i s t o r   region  compris ing  a  p o l y s i l i c o n  

layer   a d j a c e n t   a  dra in   doped  region  of  the  s u b s t r a t e ;  

an  undoped  p o l y s i l i c o n   l ayer   compris ing  a  r e s i s t o r  

over  the  drain  p o l y s i l i c o n   l aye r ;   a n d ,  

a  metal  con tac t   over  the  unduped  p o l y s i l i c o n   l a y e r .  

6.  The  cel l   of  I t e m   5,  w h e r e i n :  

said  undoped  p o l y s i l i c o n   layer   is  c h a r a c t e r i z e d  

by  high  r e s i s t a n c e   unt i l   a  b ias ing   vo l tage   is  appl ied   across   t h e  

cell   with  conduc t ion   e s t a b l i s h e d   between  the  source  and  d r a i n ,  

which  vo l tage   i r r e v e r s i b l y   c h a r a c t e r i z e s   the  r e s i s t o r   as  h i g h l y  

c o n d u c t i v e .  

7.  The  cel l   of  I t e m   6  f a b r i c a t e d   by  VLSI  NMOS  p r o c e s s i n g  

s t eps ,   w h e r e i n :  

said  b ias ing   vol tage   capable   of  changing  s a i d  

c h a r a c t e r i z a t i o n   is  a  convent iona l   MOS  supply  v o l t a g e .  



8.  A  cell   for  a  high  d e n s i t y   ROM,  compris ing  in  c o m b i n a t i o n :  

a  s u b s t r a t e ;  

a  gate  with  c o n t a c t ;  

a  source  with  c o n t a c t ;  

a  dra in   and  r e s i s t o r   region  compris ing  a  p o l y s i l i c o n  

layer   a d j a c e n t   a  dra in   doped  region  of  the  s u b s t r a t e ;  

an  undoped  p o l y s i l i c o n   layer   compris ing  a  r e s i s t o r  

over  the  d ra in   p u l y s i l i c o n   l a y e r ;   a n d ,  

a  c o n t a c t   over  the  undoped  p o l y s i l i c o n   l aye r   f o r  

the  drain  and  r e s i s t o r .  

9.  The  cell .   of  I t e m   8,  w h e r e i n :  

said  undoped  p o l y s i l i c o n   layer   is  c h a r a c t e r i z e d  

by  high  r e s i s t a n c e   un t i l   a  p r ede t e rmined   b ias ing   vo l tage   is  a p p l i e d  

across  the  cel l   with  conduc t ion   e s t a b l i s h e d   between  the  s o u r c e  

and  d r a i n ,   which  vo l tage   i r r e v e r s i b l y   c h a r a c t e r i z e s   the  r e s i s t o r  

as  h ighly   c o n d u c t i v e .  

10.  The  cel l   of  I t e m   9,  w h e r e i n :  

said  source  and  gate  each  comprise  a  s e g m e n t  o f  

doped  p o l y s i l i c o n   s e l e c t e d   from  said  p o l y s i l i c o n   l a y e r .  

11.  The  cel l   of  I t e m   10,  w h e r e i n :  

cross  over  oxide  s e p a r a t e s   the  gate  p o l y s i l i c o n  

segment  from  the  s u b s t r a t e   and  from  the  source  and  dra in   doped 

p o l y s i l i c o n .  



12.  A  method  for  producing  an  e l e c t r i c a l l y   programmable  VLSI 

ROM  redundant   cell  compris ing  the  s teps   o f :  

e s t a b l i s h i n g   a  gate  o x i d e ;  

growing  f i e l d   oxide  around  a c t i ve   reg ions   of  a  s u b s t r a t e  

i n c l u d i n g   the  region  of  gate  o x i d e ;  

forming  source  and  dra in   regions   on  o p p o s i t e   s ides  o f  

the  gate  r e g i o n ;  

forming  the  gate  in  the  gate  r eg ion ,   source  and  d r a i n  

c o n d u c t o r s ,   of  doped  p o l y s i l i c o n ;  

forming  a  layer   of  undoped  p o l y s i l i c o n   on  the  d r a i n  

doped  p o l y s i l i c o n   conduc to r ;   a n d ,  

e s t a b l i s h i n g   con t ac t s   to  the  ga te ,   source  and  d r a i n  

doped  p o l y s i l i c o n   whereby  the  l a t t e r   comprises   a  r e s i s t o r   c o n n e c t e d  

in  s e r i e s   with  the  d r a i n .  



1.  A  VLSI  ROM  with  p r o v i s i o n   for  redundancy  compr i s ing ,   i n  

c o m b i n a t i o n :  

a  p l u r a l i t y   of  c e l l s ;  

a  p l u r a l i t y   of  surp lus   t r a n s i s t o r s   each  having  a 

high  r e s i s t a n c e   p o l y s i l i c o n   r e s i s t o r   in  s e r i e s   t h e r e w i t h   c a p a b l e  

of  c o n s t i t u t i n g   c e l l s ;   and ,  

means  for  s e l e c t i n g   a  t r a n s i s t o r   to  r ep l ace   one  o f  

said  c e l l s ,   said  t r a n s i s t o r   being  programmable  to  one  logic   s t a t e  

by  the  a p p l i c a t i o n   of  bias  vo l t age   across   the  t r a n s i s t o r   and 

a s s o c i a t e d   r e s i s t o r   to  e s t a b l i s h   a  h ighly   conduc t ive   c o n d i t i o n   f o r  

the  r e s i s t o r ,   and  being  r e p r e s e n t a t i v e   of  the  o ther   logic   s t a t e  

with  the  r e s i s t o r   i n t a c t   at  high  r e s i s t a n c e .  

2.  The  ROM  of  Claim  1,  w h e r e i n :  

said  p l u r a l i t y   of  c e l l s   comprise  a  t r a n s i s t o r   f o r  

each  cell   i nc lud ing   a  p o l y s i l i c o n   high  r e s i s t a n c e   r e s i s t o r   f o r  

said  one  log ic   s t a t e   and  a  high  c o n d u c t i v i t y   s t a t e   in  a  r e s i s t o r  

for  the  o ther   s t a t e .  

3.  The  ROM  of  Claim  2,  w h e r e i n :  

said  r e s i s t o r   is  connected  in  s e r i e s   with  s a i d  

t r a n s i s t o r   between  the  drain  and  a  source  of  supply  v o l t a g e .  

4.  The  ROM  of  Claim  3,  w h e r e i n :  

NMOS  p r o c e s s i n g   is  u t i l i z e d   to  f a b r i c a t e   said  ROM; 

and,  ,  

the  magnitude  of  said  supply  vo l t age   c o r r e s p o n d s  

to  conven t iona l   MOS  supply  v o l t a g e s .  



5.  A  cell   for  a  high  dens i ty   ROM,  compris ing  in  c o m b i n a t i o n :  

a  s u b s t r a t e ;  

a  source  doped  region  in  said  s u b s t r a t e   having  a 

doped  p o l y s i l i c o n   layer   in  con tac t   with  the  region  and  a  me ta l  

con tac t   in  e l e c t r i c a l   connect ion   with  the  doped  p o l y s i l i c o n ;  

a  gate  comprising  a  p o l y s i l i c o n   layer   and  a  me ta l  

con tac t   t h e r e i n ;   a n d ,  

a  dra in   and  r e s i s t o r   region  compris ing  a  p o l y s i l i c o n  

layer   a d j a c e n t   a  dra in   doped  region  of  the  s u b s t r a t e ;  

an  undoped  p o l y s i l i c o n   l ayer   compris ing  a  r e s i s t o r  

over  the  dra in   p o l y s i l i c o n   l ayer ;   a n d ,  

a  metal  con tac t   over  the  undoped  p o l y s i l i c o n   l a y e r .  

6.  The  cel l   of  Claim  5,  w h e r e i n :  

said  undoped  p o l y s i l i c o n   layer   is  c h a r a c t e r i z e d  

by  high  r e s i s t a n c e   unt i l   a  b ias ing  vo l t age   is  appl ied   across   t h e  

cell  with  conduc t ion   e s t a b l i s h e d   between  the  source  and  d r a i n ,  

which  vo l t age   i r r e v e r s i b l y   c h a r a c t e r i z e s   the  r e s i s t o r   as  h i g h l y  

c o n d u c t i v e .  

7.  The  cel l   of  Claim  6  f a b r i c a t e d   by  VLSI  NMOS  p r o c e s s i n g  

s t eps ,   w h e r e i n :  

said  b ias ing   vol tage   capable   of  changing  s a i d  

c h a r a c t e r i z a t i o n   is  a  convent iona l   MOS  supply  v o l t a g e .  



8.  A  cell  for  a  high  d e n s i t y   ROM,  comprising  in  c o m b i n a t i o n :  

a  s u b s t r a t e ;  

a  gate  with  c o n t a c t ;  

a  source  with  c o n t a c t ;  

a  dra in   and  r e s i s t o r   region  compris ing  a  p o l y s i l i c o n  

layer   a d j a c e n t   a  dra in   doped  region  of  the  s u b s t r a t e ;  

an  undoped  p o l y s i l i c o n   layer   compris ing  a  r e s i s t o r  

over  the  dra in   p u l y s i l i c o n   l a y e r ;   a n d ,  

a  c o n t a c t   over  the  undoped  p o l y s i l i c o n   layer   f o r  

the  drain  and  r e s i s t o r .  

9.  The  cell   of  Claim  8,  w h e r e i n :  

said  undoped  p o l y s i l i c o n   layer   is  c h a r a c t e r i z e d  

by  high  r e s i s t a n c e   un t i l   a  p r e d e t e r m i n e d   b ias ing  vo l tage   is  a p p l i e d  

across   the  cel l   with  conduc t ion   e s t a b l i s h e d   between  the  s o u r c e  

and  d r a i n ,   which  vo l t age   i r r e v e r s i b l y   c h a r a c t e r i z e s   the  r e s i s t o r  

as  h ighly   c o n d u c t i v e .  

10.  The  cell   of  Claim  9,  w h e r e i n :  

said  source  and  gate  each  comprise  a  segment  o f  

doped  p o l y s i l i c o n   s e l e c t e d   from  said  p o l y s i l i c o n   l a y e r .  
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